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Abstract 
“his say was caod tt aes the impact of clit change on 
pockly ick in Bhaktapur, Nepal The stilycompsed the simmer 
inf varbiye summer tenperaue arity. and. tamer 
Perception of anal and empeate changes ovr a 3. psi A 
Housed survey of 20 hes was conduct o cllet infomation 
supplemental by necorloial dats om te Depart of Hydoloey 
dd Macorwogy (DoliM Following ths, siguflean reap. and 
decrees in emperaire and infall wore observed op anil and 
Scum tine scale, espectively. The lanes shows th anal 
Prcipitation wend ofthe dy acai ineasng at 02 mm 
“The Unc eet nays ofthe re-mcnsn india tht the al i 
incesng tthe at of 0.8 nm and the monsoon shows he if 
is imeasing athe fale of 057 mim yr wheres he poxtmscon 
Iinal dering tthe até of 12 sa "The bigest changes in 
frciptation were obser dng the monsoon season. The mons 
Prcipitation ted inthe time srs was fond to be increasing ot ale 
{0357 mm yr This vriaton in monsoon rafal cleat unfavorable 
foe the gece sem of th sy an, When thse ent changes in 
the temperatures prciptation were compared ove 30-ear tie ex 
la fom the weather tation, is appre thatthe mae ofthe sty 
tec cauhts scat ove tine, muy of the changes Being ery 
{Sra AS perth dat ll Ks of tomperaes ate Reng iced 
anual Acorn 1 the linear wen shor Belo, average anal 
Temper, minimum temperate admin Yepere 
increasing at res of UB8°C yr" O0S4C ye, anh OO2I-C yr 

respectively. The rows show th futre climate change in. Nc 
inl ser tempera and cra nfl might hie a gave 
impacto ply precy an ied inthe sy are. 
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Introduction 


Climate change is described as "a change in climate which is attributed direetly or indirectly to human 
activity that alters the composition of the global atmosphere (Field and Barros, 2014). The World 
Meteorological Organization (WMO) defines climate variability as variations in the mean state and other 
statistics ofthe dominant climatic variables on temporal and spatial scales ouside the normal weather. When 
compared to long-term statistics of the relevant elimatic variables, they are used to indicate changes 
climatic variables over a specific time period (Camer and Urbina, 2006). Global temperature, precipita 
and carbon emissions cause the climate to Fuctuate throughout time, which has substantial impact on 
agricultural development and production (Chandio et a, 3021; Klute et al, 2021). The warming trend 
‘observed in Nepal is greater than the average for the world. The tends of annual and seasonal maximum 
temperature in Nepal are both considerably positive at 99.9% confidence level. The trend in the annual 
‘maximum temperature is 0.056°C yr. The pre-monsoon season has the lowest positive trend (0.051°C yr") 
‘while the monsoon season has the highest positive trend (058°C yr"). The maximum temperature in Nepal 
thas been increasing both seasonally and annually, with inter-annual variability in every season (Panthi er a 
2015). Anaually and during the monsoon season, the end of Nepal's average minimum temperature shows 
‘an upward tendency. However, only the monsoon trend is significant at 95% confidence level. The minimum 
temperature tends to drop during the other seasons, but at 95% confidence level, these tends are negligible 
(Ghieniee, 2019). Similarly, regarding the wend of precipitation, the seasonal and annual precipitation 
patterns in Nepal show decreasing precipitation in all seasons. with the post-monsoon season having the 
steepest declining tend (0.3 mm yr). bu Nepal, the annual decline in precipitation is 1.3 mm yr. However, 
nove ofthe declining tendencies is significant (Ghimire, 2019). Paddy aceounts forthe largest percentage of 
farmland (42.2%) under it and output (51.74%) in Nepal (MoAC, 2017). The major source of employment, 
GDP. and raw materials supplied to active agro-based businesses comes from rice farming. However, these 
contributions have been falling overtime. For instance, the Central Bureau of Sttisties of Nepal (CBS) 
reported in 2013 thatthe area under paddy cultivation had shrunk by more than 129,000 hectares. Bhandar 
Sanjel and Adhikari (2017) reported thatthe proportion of households engaged in paddy cultivation had 
<opped from 76 percent in 1996 to 72.3 percent in 2011. One of the major issues of this century i climate 
change (CC), which severely impairs the way of life of rural residents who rely primavly on agriculture for 
their food (Ali and Erenstein, 2017; Pickson, He and Boateng, 2021). They engage in unsustainable 
agricultural production methods (Rohila eta, 2017), which contribute to the generation of approximately 
10% of the worlds carbon dioxide (CO.) and harm agricultural produetivity in poor nations (Mulungu etal, 
2021: Pickson, He and Boateng, 2021). Its now obvious that human activites like the combustion of fossil 
fuels and deforestation are the main causes of elimate change. Asa result, curent anthropogenic greenhouse 
‘gas emissions are at their highest level (Howarth, 2014). Both natural systems and people are affected by 
rising temperatures and heavy ono rain (Easterling eta, 2000), Water supplies are impacted, which has 
{impact on agriculture and may have long-term repercussions on food security (Malla, 2008). Nepal is one of 
‘many developing countries with an agsiculture-dominated economy (Amgain, 2021). A major portion of 
agricultute’s production and the calorie requirements of the people ae supplied by rice (Ray etal, 2013). On 
the other hand, Nepal experiences a wide range of climatic variation within different regions with different 
altiudes, covering a wide range of climatic stenaios. Therefore, a study of the effects of elimate variation 
‘might enlighten the different circumstances of climate and its effeet on paddy production, 


Around 90% of the worlds paddy cultivation and production occurs in Asia alone (Rani et al, 2014). Itis 
the primary source of food for 158 million Bangladeshis (Chowdhury and Khan, 2015); it covers one-thitd 
of all arable land in India (Farook and Kannan, 2016); iis the second largest crop in Pakistan (Rehman et 
al, 2015); and it isthe primary source of food in Bhutan (Katwal et al-, 2015), Nepal (Devkots, Phuyal 
and Shrestha, 2018), and Sei Lanka (Thirumarpan, 2014), For this reason, the production of rice is being 
tHeatened by climate variations, including excessive or insufficient rainfall, extremely high or low 

smperatures, and poor Soil quality. The effect of climate change on cereal crop yields atthe regional and 
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national levels has been quantified in a few studies (Wang ef all, 2018; Aryal et al., 2020; Habib-ur- 
Rahman et a, 2022). For instance, Lal (2007) estimated that South Asia's wheat crop yield would dectine 
by 4-10% by the year 2100. Contrary to this, Shrestha, Thin and Deb (2014) reported that future climate 
conditions would improve the rice yield and hence would increase the food security in the region, based 
fon a study in Myanmat. The impact of elimate change on Nepal's agricultural gross domestic product was 
calculated by Acharya and Bhatta (2013) using a quantitative modeling approach. They discovered a 
favorable influence because of anticipated increases in precipitation. Based on an analysis of 20 of Nepal's 
‘most important rice-growing distiets, Karn (2014) estimated a 4.2% decline in rice yield. In a study based 
fon a mexdel conducted by Palazzoli et al. (2015) in the Indrawati river basin of central Nepal, varied 
estimations of agricultural production changes were discovered using various future climate prediction 
data (-36% to +18% for wheat and -17% to +12% for rice). Significant obstacles also exis for "modest but 
‘good moves” by business and public players at lower levels of government, while successful global 
collective action towards climate mitigation remains elusive (Ostrom, 2012), 


Nevertheless, thee is litle research thar measures how climate change affects agricultural households’ 
livelihoods in Nepal (Eriksson er al. 2009; Kunwar and Bohara, 2017). The fact thatthe majority (50.67%) 
of Nepalese households have not ever heard of climate change being a good indicator, because of the 
absence of pertinent studies (CBS, 2017). Because of this ignorance, sensible policymaking atthe municipal 
for regional levels faces significant obstacles, and private players are unable to implement long-term 
adaptation plans. Secondly, despite the fact that there is evidence that some households have adapted 10 
climate change (Chhetr eta, 2012; Gentle and Maraseni, 2012), is sll unknown how extensive and what 
kind of uade-offs were made during adaptation, as well as what new vulnerabilities were ereated as a result. 
‘Thus, it is clear that peri-urban areas ike Bhaktapur distit have not been the subject of much researc, 


[Nepal's agriculture is at subsistence level and heavily reliant on the monsoon rainfalls. The meteorological 
conditions of the year have a substantial impact on monsoon impacting agriculture’s production for the 
entire year and its contribution to the GDP. According to Nepal's Economie Survey. the agriculture sector 
is impacted by both favorable and unfavorable meteorological circumstances, which cause GDP 10 
‘luctuate and hinder overall economic growth (MOF, 2014). Hence, the influence of the climatic variables 
‘on the agriculture sector is one of the important topics to study. This study aimed to determine the current 
salus of paddy production and climate change impacts on paddy production in the proposed study area. 
‘This study also helped to understand the relevance of adaptive measures taken by the locals 


‘Materials and Methods 
‘Study Area 


Bhaktapur locally called Khowp, is city inthe East comer ofthe Kathmandu valley in Nepal, located 
about 13 km from the capital city, Kathmandu (Figure 1). In tems of aea, Bhaktapur isthe smallest 
district in Nepal. Geographically is located on a small hil inthe Easter part ofthe Kathmandu valley. 
‘The total area of Bhaktapur district 6.889 km’. It is located between 27°40°20°N and 85°25'40"E. The 
population density of Bhaktapur distict is 11,000/km". As part of the Kathmandu valley, it shares its 
History, culture, and language with the other cities of the valley. Bhaklapur is one ofthe most visited 
tourist destinations in Nepal As such, iis an important tourist destination in Nepal, with the medieval 
city attracting 301,012 tourists in 2014, Bhaktapur's potters and handicraft industries are also known 
nationwide 
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Map of Study Area 


[Madhyapur-Thimi Municipal 


ce 


‘Map of Nepal 


Bhaktapur Municipality 


Figure 1: Map of the Study Area 
Data Coltection 


‘The research was carried out in Bhaktapur District. Both qualitative and quantitative methods were 
cemiployed to collect data from the study sites, 


Primary data collection 


A preliminary field visit was conducted in order to determine the status ofthe proposed area. The methods 
that were used during the data collection included household surveys, focus group discussions (FGDs). 
and direct observation. Secondary information on the rainfall, temperature, and paddy production data for 
specific periods of the study sites was collected from the relevant agency. Most of the information was 
collected through a household survey using a structured questionnaire. In order to gain common 
information, FGD was caried out. 


A. Sample Size 


‘The sample size generally depends on the variability in the study population and the sampling techniques. 
In this study, the statistically Valid sample size was derived using the equation given by Arkin and Calton 
(1963). Using the technique given by Arkin and Colton (1963), the number of households has been 
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ified and the necessary information was collected from the respondents 


(Z'P(I-PYNA'+Z"P(1-P) 
where, 


‘ample sine 
N= tol numberof tly populaionhoushols 
Ze the value of normal yatabl, 95% confidence level (1.96) 
the highest penile proportion of population (0.05) 
De maximum accepanc err (0.03) 
3B. Quesionsie Survey 


In this method, a structured questionnaire was developed to acquire information from the respondents in 
‘order to fulfill the objectives. The questionnaire had two sections, The frst section focused on the general 
information ofthe respondents, such as age, sex, education, occupation, family size, and family structure, 
‘whereas the second section Focused on parameters related to climate change. 


C.. Focus Group Discuss 


FGD) 


A small, homogeneous group of experienced respondents gathered together to discuss: a qualitative study 
‘was referred to as FD Researchers extensively use this exploratory method to generate qualitative data 
and triangular findings (Morgan, 1997). This method was used with the respondents from all of the 
‘municipalities in the Bhaktapue district, as well as some local residents to learn ahout people's perceptions 
Of rainfall variation, temperature, and adaptation strategies. 


D. Key Informant Survey 


‘This method was more helpful in geting the information that was missed in the FGDs. This method has 
provided better and in-depth information about the proposed study area, The government staff and local 
elderly people were considered as informants. It was attempted to obtain information such as tends in 
precipitation patterns, temperature variation, and the effects of efimate change on rice production. 


Secondary Data Collection 


Secondary data was collected from different journals, books, published and unpublished reports, articles, 
and websites. Also, data was collected from different governmental departments in Nepal. Rainfall and 
temperature data were collected from the Department of Hydrology and Meteorology (DHM) of the study 
area. The data for paddy was collected by the Ministry of Agricultural Development (MoAD). 


Data Analysis 


‘The data collected from different methods was checked and tabulated. Tabulated data was analyzed using 
MS-EXCEL and SPSS. All the necessary statistical tools like tables, graphs, means, and medians were 
calculated using this software, Satstical analysis was performed to analyze the collected quantitative data 


Results 


This study addressed research questions such as the effects of temperature and rainfall on paddy 
productivity, the relationship between temperature and paddy productivity, the rainfall rend, and the 
people's adopted adaptive strategies. The details ofthe results are presented below 
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Socio-Economic and Demographic Characteristics 


A sample of 420 respondents was taken from the total population of Bhaktapur district, Le. 5.8, 9 wards 
in Changunarayan municipality, 10, 1, 2 wards in Bhaktapur municipality: 12, 3, 9 wards in Madhyapur 
Thimi municipality; and 1, 4. 7, 10 wards in Suryabinayak municipality. Since there is a greater 
agricultural land and mote Tarmers stay in these wards, they were selected and were interviewed for 
purpose of survey. 


‘Age group of respondents 


Sixty-seven percent of the respondents were males, and the remaining 33 percent were females. 
Respondents were categorized by their age groups, 50% of the respondents belonged to the age group 20- 
40, 46% of the respondents belonged to the age group 40-60, and 4% belonged to the age group above 60. 


Education level of respondents 


Respondents’ education status was identified as illiterate literate, lower secondary, higher secondary and 
university level. Most of the respondents were literate (43%) in the study area followed by illiterate 
(29%), while 12% of them received lower secondary education and 12% received higher secondary 
education, Only 3% of the respondents went toa university 


Main income sources 


Agriculture was the main occupation forthe majority of the households. Most ofthe households are totally 
dependent on the agriculture in the study area. Besides, agriculture, services and labor contributed as the 
primary source of family income to 45% and 25% and 5%, respectively. Therefore, there is a higher 
‘number of households with multiple sources of incomes. The business and job abroad were told by 8% 
and 15%, respectively inthe study area 


Local Rainfall and Temperature Scenario 


[As per the data, all types of temperatures have increased ansually. The linear trend shows that average 
annual temperaiure, minimum temperature, and maximum temperature are increasing at the rate of 
(0.038°C yr',0.054°C yr and 0.021°C yr, respectively (Figure 2). The average temperature was highest 
in the year 2010 with the value of 20.24°C. Strong signals of climate change were detected when the 
‘weather station data near Bhaktapur district was examined over the recent history of 30 yeurs (1990- 
2021), In 1996, minimum temperature seems to have decreased indicating that there was cold winter. 
Similarly, there was an inerease in the maximum temperature indicating that the summer was too hot. 
Similarly, in 1997, both the maximum and minimum temperatures were decreased asa result of which the 
Year seemed 10 have experienced cold 


‘The trend of annual precipitation in the study area is increasing atthe rate of 0.24 mm ye" (Figure 3). The 
linear tend analysis of pre-monsoon time shows thatthe rainfall is increasing atthe rate of 0.18 sm yr" 
(Figure 4) and of the monsoon shows thatthe rainfall is inereasing atthe rate of 0.57 mm yr" (Figure 5), 
‘whereas of the post-monsoon indicates that it is decreasing atthe rate of 0,02 mm ye (Figure 6), The 
biggest changes in precipitation were observed during the monsoon season. A tend of monsoon 
precipitation in the time series was found to be increasing at the rate of 0.37 mam ye". The maximum 
rainfall occurred during monsoon was 1461.2 mm in the year 1999 followed by 1454.2 mm in the year 
2003. There has been a very erratic trend of monsoon precipitation ranging from 200 mm to just below 
500 mam. This vasiation in monsoon rainfall is clearly unfavorable forthe agriculture system of the study 

in 
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area, When these recent change in the temperature and precipitation was compared over 30- 
Series data obtained from the weather station, it is seen that the climate of the study area exhibits 
‘luctuation over time, many of the changes ate very erate. 


‘Temperature rend. 


Sa ae ae 
2 gee ny bet et entree eter eee none 18583 
eee eet ngage HtEHS HIE 


“Temperature 


Years 
a Mean ant maximum temperature 
2 Mean annual mininum temperature 
= ina annual temperature 
near (Mean annual maximus temperature) 
Linear (Mean anual sium temperature) 
near (mean annual temperature) 
Figure 2: Temperature wend of Kathmandu Aisport 


Figure 3 shows the increasing trend of annual rainfall atthe rate of 0.24 mm yeat. The maximums annual 
rainfall was in the year 2013, followed by 2002, and minimum annual rainfall was in the year 1991, 
Tollowed by 1992. 


“The pre-monsoon sanfill has significantly increased annually atthe rate of 0.18 mm ye! (Figure 4). The 
Sgoificantly highest pre-monsoon rainfall was experienced in the year 1998 and the least pre-mansoon 
rainfall was experienced inthe year 1999. The tend of pre-monsoon rainfall shows significant increase 
‘This ives positive result in total annual rainfall, but negative impacts on harvesting of exops rowa before 
paddy. Late or early harvesting of erops may sift the crop calendar, asa es 


‘The maximum monsoonal rainfall was experienced inthe year 1999 and the least monsoons rainfall was 
experienced in the year 1991 (Figure 5). The wend line shows the increasing wend of monsoon rainfall a 
the rate of 0.57 mim ye! 


Figure 6 shows the trend of post-monsoon rainfall decreasing significantly tthe rate of 0.022 mum ye 
annually. The highest annual post-monsoon was experienced in the year 2008 and least post-monsoon 
‘anfall was experienced i the year 2000 
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Mean annual rainfall 
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Figure 3: Annual mean rainfall of study sta 
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‘The mean monthly rainfall is increasing at the rate of 1.39 mm yr (Figure 7). Here, maximum mean 
‘monthly rainfall is in the month of June and the minimum mean monthly rainfall is in the month of 
November. The maximum mean monthly rainfall in June is good for vegetative phase of paddy, as it 
requires enough Water up to $50 mm during the phase. But, atthe same time, less mean monthly rainfall in 
‘August and September creates poor availabilty of water forthe reproductive phase of paddy. This directly 
Uisturbs the production eapacity of rice, 


Paildy Production and Rainfall Variability 
Relationship between rainfall variability and paddy yield/productivity 


‘Twenty-seven years of mean rainfall and paddy production from the month June w Sep 
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analyzed fo compare the relationship between the two variables in the study area on the availability of 
production data (Figure 8). The meteorological information was accessed through the Department of 
Hydrology and Meteorology (DHM) and Agricultural data was accessed through the Ministry of 
Agriculture and Livestock Development (MoAD). The rainfall of pre monsoon, monsoon and post 
‘monsoon was studied as this has direct and inditect effect on paddy production in general 


“Mean Monsoonal Rainfall yeostsine amar 
Pa 
* oneRe BRS z 
EELEZZEERFE 5 


y=-90218911 


Figure 6: Mean annual post monsoon 


‘The relationship between paddy production and the amount of mean ruinfll was analyzed using Pearson's 
correlation coelicient. The rice production was positively comelated with the value 0.23 with the anvount of 
‘nfl in the study area (Table 1) is clear that monsoon paddy yield does not seem to be too sensitive tothe 
{otal rainfall during crop season. While large variation (900-1900 mim) in the rainfall i evident. The relationship 
‘between mean rainfall and paddy yield indicated that change inthe monsoonal rainfall may affect the production 
of puddy in the study area i.e. increase in monsoonal rainfall increases the paddy yield, Since the value of ‘is 
‘ot so strong, this shows that paddy yield is not totally dependent on monsoon rainfall. Monsoonal rainfalls not 
‘only the primary factor to determine the preductivityof rice in the study area. Even other Factors, such as fertilizer 
and improved seeds are also the primary Factors responsible for paddy yield in the study area. 
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Figure 7: Mean monthly rainfall 


‘Table 1: Correlation between paddy production and total naval rainfall 


‘Padily production Total annual rainfall 
Pay production Pearson Conelation T 6 
Sig. tailed) 208 
W Be 3 
“Toral annval auatall — [Pearson Comelation Ba T 
Sig. tailed) 228 
i ey 


Relationship between total annual rainfall and paddy production 
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Figure 8: Relationship between total annual rainfall and paddy production 
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Paddy Production and Temperature Variability 
Relationship between temperature variability and paddy production 


‘Twenty-seven years of mean temperatute and paddy production from the month June to September was 
analyzed to compare the relationship between these two variables in the study area on the availablity of 
production data (Figure 9). The meteorological information was accessed through the Department of 
Hydrology and Meteorology (DHM) and the agricultural data was accessed through the Ministry of 
Agriculute and Livestock Development (MoAD). The temperature of pre-monsoon, monsoon and post- 
‘monsoon seasons Was studied as this had direct and indirect effect on paddy production in general (Table 2). 


‘The relationship between paddy production and the mean temperature was analyzed using Pearson’s 
correlation coefficient. The rice production was negatively correlated with the value 0.15 with the annual 
‘mean temperature in the study area (Table 3). This correlation implies a negative impact on paddy 
production, ifthe mean annual temperature rises, 


‘Table 2: Temperature requirement for paddy productivity at different growth stages 


‘Sages of growih ‘Average lemperalure requirement CC) 
‘Vegetative stage WeaTC 
Reproductive stage ISCITC 

sage 27C30C 


Relationship between paddy production and annual mean temperature 
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Figure 9: Relationship between annual mean temperature and paddy production 


‘Table 3: Correlation between paddy production and annuall meas temperature 


‘addy production —[ annual mau temp 
Paddy production Pearson Conelation T =159 
Sig. tailed) 18. 
N ey 28 
“Annual mean temp Pearson Comelation =159 T 
Sig. C-taled) a8. 
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People's Perception on Temperature, Rainfall and Other Factors 
Temperature 


‘The majority of the respondents have conveyed that summer temperature has inereased. More than 70% of 
the respondents felt incremental change in temperature. They said that summer days are hotter and winter 
days lesser cold than before. About 77%% of the respondents replied that they feel summer hotter than 
before and remaining 13% feel the same as it used to be earlier (Figure 10), 


Extreme hot summer days 


ayes 


ih i 


Figure 10: People perception about hot summer days. 


About 679% of the respondents gave positive responses that winter days are being less cold and frosty 
(Figure 11). The remaining 33% ofthe respondents do not fel any change regarding the winter 
temperature. 


‘Less cold and frosty winter 


ayes 


Figure 11: People perception about winter days 
Rainfall 


‘Most of the respondents experienced changed rainfall pattern and there is increased uncertainty of rainfall 
having direct impact on rain-fed agriculture. They responded trend of decreased rainfall in the areas these 
years (Figure 12). About 70% people felt deerease in duration of rainfull in the study area, and 26% of the 
respondents felt increase in duration of rainfall, whereas 4% of the respondents felt no change between 
before and now. 
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Duration of rainfall in monsoon 


decease 
| ) 0 change 


Figure 12: People perception on duration of ranfall 


About 92% of the respondents responded that there is late starting of monsoon rainfall while rest 8% of 
the respondents responded that there i earlytimely monsoon in the study area (Figure 13). 


Respondent's views on onset of monsoon 
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Figure 13: People perception on onset of monsoon 


‘There isa shift of cropping date by one or two weeks. This is due to delay in monsoonal rainfall. Delay in 
‘monsoon date subsequently led to delay in harvesting time (Figure 14). Nearly 68% people replied to 
cropping date as second week of July and remaining 32% crop in third week of July. Likewise harvesting 
period also shifted forward. About 30% households harvested in September last week, 55% harvested in 
Tirst week of October, and rest 15% harvested in second week of October. The timing of paddy plantation 
i found to be closely tuned to the rainfall variation, 


Agricultural Impacts and Adaptation 


‘The study atea is mostly occupied by agricultural land with almost all households directly or indirectly 
involved in the agricultural practices. Climate factors ike temperature and precipitation have direct impact 
fon the agricultural production. Changes in the rainfall pater, temperature, humidity have diret impacts on 
agricultural yield. The crop calendar was delayed so the starting time of cropping and its different stages and 
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capacity seemed to be impacted due to the unusual changes in temperatute and rainfall. Albough the study 
area is facing changes in rainfall and temperature patter, yet the paddy production is taking good height, 
except in some case. This is only due to the good adaptive measures adopted by the people. People use 
{entlizer regula, especially organi fertilizer. The practices like change in crop variety, change in sowing 
plantation time are the effective adaptive measures taken by the people. The adaptive measures like change 
in crop variety, change in sowing plantation time is adopted by 33% and 22% people, respectively. Use of 
‘more fertilizer isthe adaptive measure adopted by highest percentage of people, about 38% (Figure 15). 


Cropping and harvesting time 
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Figure 14: People perception on crop calendar 
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Figure 15: Percemage of Respondents saying “yes” tothe Adaptive Measures 
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Discussion 


‘The study on the impact of variation of monsoonal rainfall and temperature on yield af paddy cxop is 
discussed in this section. Climate change and agriculture are closely linked and interdependent 
Compared to conventional agriculture, organic farming is said 10 he more efficient and effective in 
reducing GHGs emission, mainly due to the less use of chemical fertilizers and fossil fuel. Organic 
farming is said to be climate change resilience farming systems, a it promotes the proper management of 
soil, water, biodiversity and local knowledge thereby acting 2% a good option for adaptation to climate 
change. It as found that most ofthe farmers prow rice during the monsoon season June t September) 
Change in rainfall and temperature pattern can affect the paddy production. Paddy production in 
Bhaktapur distict is in traditional system and donot fully dependent on the seasonal rainfall. The rend of 
annual precipitation in the study area is increasing atthe rte of 0.24 mm ye" The linear tend analysis of 
pre-monsoon shows thatthe rainfalls inreasing at arate of 0.18 mum yr" and the analysis of monsoon 
also shows tha the rainfalls increasing atthe rate of 0.57 mm ye" whereas analysis of post-monsoon 
shows a decreasing rate of rainfall, ie..0.02 mnwyea. The biggest changes in precipitation were observed 
during the monsoon season. The comparison between the linear tend analysis of precipitation and 
people's perception establishes that people do not agree with the increasing wend of monsoonal rainfall 
70% ofthe respondents fet that there is a decrease in duration of monsoonal rainfall: thus, it contacts 
‘This is because there has been a very erratic tend of monsoon precipitation ranging from S00 mm to just 
Jess than 1500 nim, This variation in monsoon rainfall is clearly unfavorable forthe agriculture system in 
the study area. Thus, itis apparent that climate in the study area exhibits Nuctuation aver time, many of 
the changes are very erate 


As per the data, all types of temperatures are being increased annually. The linear trend shows average 
annual temperature, minimum temperature, and maximum temperature being increased at the rate of 
(0,038°C yr", 0.084°C yr" and 0.021°C ye", respectively. The average temperature was highest inthe year 
2010 with the value of 20.24°C. Strong signals of climate change were detected when the weather station 
data near Bhaktapur district was examined over the recent history (1990-2021). In 1996, minimum 
temperature seems to be decreased that indicated that there was cold winter. There was aa increase inthe 
‘maximum temperature indicating thatthe summer was too hot. Similarly, in 1997, both the maximum and 
‘minimum temperature decreased as a result of which the year seemed to have experienced cold. The 
comparison between the linear wend analysis of temperature and people's perception reveals increasing 
tuend of temperature. The majority of the responses indicate the fact that summer temperature has 
increased, More than 70% of the respondents felt incremental change in temperature. They said that 
summer days are hotter and winter days have less cold than before. The data of 27 yess of annual mean 
‘infall and paddy production were analyzed to compare the relationship between the 1Wo variables in the 
study area on the availability of production data, The relationship between paddy production and the 
{quantum of mean anual rainfall was analyzed using Pearson's correlation coefficient. The rice production 
‘was positively correlated with the value 0.23 with the amount of rainfall in the study area. It is clear that 
‘monsoon paddy yield does not seem to be too sensitive to the total rainfall during erop season. This is 
because large variation (900-1900 mm) in the rainfall is evident. Since the value of ‘ris not so strong, 
this shows that paddy yield is not totally dependent on monsoon rainfall. Monsoonal rainfall is not the 
primary factor to determine the productivity of the study area. Even other factors, such as fertilizer and 
‘improved seeds are also the primary factors responsible for paddy yield in the study area as per the survey. 
In addition to this, the mean monthly rainfall is increasing at a rate of 1.39 mmfyear. According to the 
findings, maximum mean monthly rainfall is in the month of June and the minimum mean monthly 
‘infll isin the month of November, The maximum mean monthly rainfall in June is good for vegetative 
phase of paddy as it requires enough water up to 550 mm during this phase. But, at the same time, ess 
‘mean monthly rainfall in August and September ereates poor availability of water for reproductive phase. 
‘This directly disturbs the production capacity of rice. Thus, this statement justifies the less value of 
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Data of 27 years of annual mean temperature and paddy production was analyzed to compare the 
relationship between the two variables in the study area on the availability of production data. The 
relationship between paddy production and the annual mean temperature was analyzed using Pearson's 
correlation coefficient. The rice production was negatively correlated with the value 0.15 with the annual 
femperature in the study area. This correlation implies a negative impact on paddy proxluction, if the 
nual temperature rises. The findings suggest a negative but statistically insignificant relationship 
between both minimum and maximum temperatures with paddy yields. This study notes that the current 
average maximum temperature forthe decade of 1999 to 2008 is already 30.8°C. Thus, itis expected that 
rice yields are already being negatively affected by increases in the daily maximum temperature, Thus, 
these findings are similar to Devkota and Paija (2020). 


Conclusion 


‘This study investigated many aspects related to monsoonal rainfall and its changing pattem, change in 
‘maximum, minimum and average temperatures. The tend of annual precipitation in the study area is 
found tobe increasing. Similarly. the linear trend analysis of pre-monsoon and monsoon shows the rainfall 
to be increasing atthe rate of 0.18 mm yr! and 0.57 mm ye" respectively whereas post monsoon is found 
to be decreasing atthe rate of 0.02 mm yr". The biggest changes in precipitation were observed during the 
‘monsoon season, Likewise, the monsoon precipitation rend in the time series was found tobe increasing 
‘There has been a very erratic rend of monsoon precipitation ranging from around 804) mm to just below 
1500 mm. This variation in monsoon rainfalls clearly unfavorable for the agriculture system of the study 
area, When these revent change in the temperature a ‘was compared over 30-year time 
series data from the weather station itis apparent that climate of study area exhibits fluctuation over time, 
‘many of the changes are very erratic. AS per the data all kinds of temperature are being increased 
annually, the linear rend below shows average annual temperature, minimum temperature, and maximum. 
mperature is found to be increasing at the rate of 0.038°C yr", 0.054°C yr and 0.021°C yr 
respectively. People’s perception on climate change is similar to trends of temperature and precipitation of 
nearby weather station. People have been facing several impacts on changes in temperature and rainfall 
People of study area are facing several impacts like change in seasonal calendar, decrease in crop 
production, change in cropping patterns and agricultural practices, increase in pests and diseases. It ean be 
Visualized that shifting in the erop calendar by one or two week later and use of fertilizer and improved 
seeds effectively by almost all farmers. People of Bhaktapur district are more dependent on rainfall 
Irregular/untimely rainfall damages the crop Varieties. Adaptation like rainwater harvesting. formation of 
plastic ponds was not seen in the area, This study therefore recommends shifting of crop plantation dat 
temperature resilient crop genotype (to overcome temperature stress), and proper water and fertilizer 
‘management 10 stabilize the crop yield. There is the urgent need of formulation and implementation of 
better adaptation strategy. plans and policies. 
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